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, ( ) .
, streaming instability




$\hat{E}$ , $\omega_{0}$ ,
$F=- \frac{e^{2}}{4m\omega_{0}^{2}}\partial_{x}|\hat{E}^{2}|$ (1)



























. $N_{i},$ $V_{i},$ $M$ , , .
$E$
,
$\partial_{x}E=4\pi e(N_{i}-N_{e})$ . (6)
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(1) $-(6)$ . ( $0$ ),
( ) ( ) ,






$\tilde{E}=\hat{E}(x, t)\exp i[k_{0}x-\omega_{0}t]$ (7)
$(\omega_{0}-k_{0}V)^{2}=\omega_{p^{2}e}$ (8)
(2) $-(6)$ $\tilde{E}$ $n_{e}$ ,
$-2i(\partial_{x}+V\partial_{x})\hat{E}+V^{2}\partial_{xx}\hat{E}=-n_{e}\hat{E}$ (9)
$( \frac{1}{C_{\delta}^{2}}\partial_{tt}+2V\partial_{x}\partial_{t}+V^{2}\partial_{xx}+V^{4}\partial_{4x})n_{e}=-\frac{3}{2}V^{2}\partial_{xx}(n_{\text{ }})^{2}+\frac{1}{\omega_{0}^{2}}\partial_{xx}|\hat{E}|^{2}$ (10)
. . $C_{s}$
$(m/M)$ . 2 (8) (1 0)





. , ( ) .
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2 ( $V=10,$ $M/m=10$ , )
\S 3.
$1/C_{s}^{2}=10,$ $V=1,$ $\omega_{0}=1$ .
6 .
$\hat{E}=g/f$, $n_{e}=2(logf)_{xx}$ (12)
$D_{x}^{m}D_{t}^{n}g\cdot f=(\partial_{x}-\partial_{x’})^{m}(\partial_{t}-\partial_{t’})^{n}g(x, t)\cdot f(x’, t’)|_{x’=x,t’=t}$




$C$ . $C=0,$ $gf$
.
$g=\exp(\eta)$ , $f=1+a\exp(\eta+\eta^{*})$ , $C=0$ (15)
$\eta=px+qt+\eta_{0}$ , $p=K+ik$, $q=-\Omega-i\omega$ (16)
$p^{2}-2i(p+q)=0$ , $a= \frac{1}{8(10\Omega^{2}-2K\Omega+K^{2}+4K^{4})}$ (17)
$\hat{E}=(a/2)\sqrt{a}sech\exp(Kx-\Omega t+\alpha)\exp i(kx-\omega t)$ (18)
$n_{e}=2K^{2}sech^{2}(Kx-\Omega t+\alpha)$ (19)
. ’dispersion’ (1 7 ) 1 . 3 1-
. .
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3 1- $(K=0.O1, k=0.1)$
\S 4.
(1 3) (1 4) $C\neq 0$ 7,8
$\hat{E}=g/f=b\frac{\theta_{3}(\eta|\tau)}{\theta_{0}(\eta|\tau)}\exp i(px+qt+\eta_{0})$ (20)
$n_{e}=2(logf)_{xx}=2(log\theta_{0})_{xx}$ (21)
. , $b$ , $\theta_{0}\theta_{3}$ Jacobi \mbox{\boldmath $\theta$} .
$\theta_{0}(\eta|\tau)=\sum_{n=-\infty}^{\infty}\exp[2\pi in(\eta-\frac{1}{2})+\pi i\tau n^{2}]$ (22)
$\theta_{3}(\eta|\tau)=\sum_{n=-\infty}^{\infty}\exp[2\pi in\eta+\pi i\tau n^{2}]$ (23)
$\eta=Px+Qt+\eta_{0}$ (24)
33
$F_{1}(D_{x}, D_{t})g\cdot f=0$ (25)




. (2 0) $(21)$ (2 5)
$F_{1}(D_{x}, D_{t})g \cdot f=b\sum_{m=-\infty}^{\infty}\hat{F}_{1}(m)\exp(2\pi im\eta)$ (29)
$\hat{F}_{1}(m)=\sum_{n=-\infty}^{\infty}F_{1}[2\pi i(2n-m)P+ip, \cdots]$
$x\exp[\pi i(n-m)+\pi i\tau(n^{2}+(m-n)^{2})]$ (30)
. (2 9) $\hat{F}_{1}(0)=0,\hat{F}_{1}(1)=0$ ,
$q=-p+ \frac{p^{2}}{2}+4\pi^{2}P^{2}\frac{A_{2}(\tau)}{A_{0}(\tau)}$ (31)
$Q=P(p-1)$ (32)
. ’dispersion’ . $A_{1}(\tau),$ $A_{2}(\tau)$
$A_{l}( \tau)=\sum_{n=-\infty}^{\infty}(-1)^{n}(2n)^{l}\hat{q}^{2n^{2}}$ $\hat{q}=\exp(i\pi\tau)$ (33)
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$C_{l}( \tau)=\sum_{n=-\infty}^{\infty}(2n)^{l}\hat{q}^{2n^{2}}$ , $D_{l}( \tau)=\sum_{n=-\infty}^{\infty}(2n-1)^{l}\hat{q}^{n^{2}+(n-1)^{2}}$ (35)
. $K(k)$ , $k$ $P’Q’$
$P= \frac{P’}{2K(k)}$ $Q= \frac{Q’}{2K(k)}$ (36)
$\hat{E}=b\frac{\theta_{3}(\frac{\eta’}{2K(k)})}{\theta_{0}(\frac{\eta’}{2K(k)})}\exp i(px+qt+\eta_{0})$
$= \frac{b}{\sqrt{k’}}dn(P’x+Q’t|k)\exp i(px+qt+\eta_{0})$ (37)
$n_{e}=2[log \theta_{0}(\frac{\eta’}{2K(k)})]_{xx}=2P^{2}’[dn^{2}(P’x+Q’t|k)-\frac{E(k)}{K(k)}]$ (38)
$\tau=i\frac{K(k’)}{K(k)}$ , $\hat{q}=\exp[-\pi\frac{K(k’)}{K(k)}]$ , $k’=\sqrt{1-k^{2}}$ (39)
. $dn$ Jacobi , $E(k)$ .
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4-1 $(k=0.9, P’=0.01, p’=0.1)$
4-2 $(k=0.99, P’=0.01, p’=0.1)$
$karrow 1$ $dnarrow sech,$ $E(k)/K(k)arrow 0$ , $karrow 1$
36
( , ‘dispersion’ (3 1 ), (3 2 ) (1 7)
). 4 (3 7) (3 8) .
.
1- $n_{e}\approx 0$ ( ) $\partial_{x}\hat{E}\approx 0$
. ,
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